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METHOD AND APPARATUS FOR
THREE-DIMENSIONAL OBJECT POSE
ESTIMATION, DEVICE AND STORAGE

MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure claims priority to Chinese appli-
cation No. 201810880310.5, filed on Aug. 3, 2018, which 1s
incorporated by reference 1n 1ts enfirety.

TECHNICAL FIELD

The embodiments of the present application relate to the
field of video and image processing technologies, and 1n
particular, to a method and an apparatus for three-dimen-

sional object pose estimation, a device and a storage
medium.

BACKGROUND

As the technology of video capturing devices becomes
mature, video has been adopted as a means of information
recording and analysis 1n more and more fields. It 1s a basis
for further analysis of a three-dimensional object to deter-
mine the position and pose of the three-dimensional object
in 1mages 1n a large number of videos and perform continu-
ous tracking and pose estimation.

In the prior art, feature point matching 1s combined with
a perspective n-point algorithm (PnP algorithm for short) to
determine an 1nitial pose of a three-dimensional object, and
feature point tracking 1s combined with the PnP algorithm to
estimate the pose of the target three-dimensional object 1n
cach subsequent frame.

However, the method of three-dimensional object pose
estimation 1n the prior art 1s less eflective for the pose
estimation of the three-dimensional object with weak texture
or repeating texture, because a problem of mismatch of
feature points between two frames may occur. Even 1f a
random sample consensus algorithm (RANSAC algorithm
for short) 1s used to remove the incorrect matching points, 1t
1s also possible to obtain an 1ncorrect pose estimation result
because the number of incorrect matching points 1s much
larger than the number of the correct matching points.

SUMMARY

The embodiments of the present application provide a
method and an apparatus for three-dimensional object pose
estimation, a device and a storage medium, which solve the
technical problem of poor estimation effect of the method for
three-dimensional object pose estimation 1n the prior art on
a three-dimensional object with weak texture or repeating
texture.

A first aspect of the embodiments of the present applica-
tion provides a method for three-dimensional object pose
estimation, including: calculating a graph of a previous
frame and a graph of a current frame of a target three-
dimensional object; performing a matching calculation on
the graph of the previous frame and the graph of the graph
of the current frame using a graph matching algorithm to
obtain a vertex correspondence relationship between the
graph of the previous frame and the graph of the current
frame; and calculating a current iframe pose of the target
three-dimensional object according to the vertex correspon-
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dence relationship, a previous frame pose of the target
three-dimensional object and a PnP algorithm.

A second aspect of the embodiments of the present
application provides an pose estimation apparatus for a
three-dimensional object, including: a graph image calcu-
lating module, configured to calculate a previous frame
graph 1mage and a current frame graph image of a target
three-dimensional object; a graph matching calculating
module, configured to perform a matching calculation on the
graph ol the previous frame and the graph of the current
frame using a graph matching algorithm to obtain a vertex
correspondence relationship between the graph of the pre-
vious frame and the graph of the current frame; a current
frame pose calculating module, configured to calculate a
current frame pose of the target three-dimensional object
according to the vertex correspondence relationship, a pre-
vious frame pose of the target three-dimensional object and

a PnP algorithm.

A third aspect of the embodiments of the present appli-
cation provides a terminal device, including: one or more
processors; a memory, configured to store one or more
programs; when the one or more programs are executed by
the one or more processors, the one or more processors 1s
caused to implement the method of the first aspect described
above.

A Tourth aspect of the embodiments of the present appli-
cation provides a computer readable storage medium having
a computer program stored thereon, and the program 1is
executed by the processor to implement the method of the
first aspect described above.

Based on the above aspects, the embodiments of the
present application calculate a graph of a previous frame and
a graph of a current frame for a target three-dimensional
object; perform a matching calculation on the graph of the
previous {frame and the graph of the current frame using a
graph matching algorithm to obtain a vertex correspondence
relationship between the graph of the previous frame and the
graph of the current frame; and calculate a pose of the target
three-dimensional object on the current frame according to
the vertex correspondence relationship, a pose of the target
three-dimensional object 1n the previous frame and a PnP
algorithm. Since the correspondence relationship of feature
points 1s determined by determining the vertex correspon-
dence relationship between the graph of the previous frame
and the graph of the current frame using the graph matching
algorithm, and the graph matching algorithm has a good
feature point matching eflect on the three-dimensional
object with weak texture or repeating texture, the matching
accuracy of feature points 1s eflectively improved and
thereby the accuracy of three-dimensional object pose esti-
mation 1s improved.

It 1s to be understood that contents described in the
summary of the present disclosure are not intended to limat
key or important features of embodiments of the present
application, nor the scope of the application. Other features
of the present application will be readily understood by the
following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart of a method for three-dimensional
object pose estimation according to Embodiment I of the
present application;

FIG. 2 1s a flowchart of a method for three-dimensional
object pose estimation according to Embodiment II of the
present application;
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FIG. 3 1s a schematic structural diagram of an apparatus
for three-dimensional object pose estimation according to
Embodiment III of the present application;

FIG. 4 1s a schematic structural diagram of an apparatus
for three-dimensional object pose estimation according to
Embodiment IV of the present application;

FIG. 5 1s a schematic structural diagram of a terminal
device according to Embodiment V of the present applica-
tion.

DESCRIPTION OF EMBODIMENTS

The embodiments of the present application will be
described 1 more detail below with reference to the
appended drawings. Although certain embodiments of the
present application are shown in the drawings, 1t should be
understood that the present application may be embodied in
a variety of forms and should not be construed as limited to
the embodiments set forth herein. Instead, these embodi-
ments are provided for a more thorough and complete
understanding of the present application. It should be under-
stood that the drawings and embodiments of the present
application are for illustrative purpose only and are not

intended to limit the protection scope of the present appli-
cation.

Terms “first”, “second”, “third”, “fourth” and the like (i
any) in the description, claims and drawings described
above of the embodiments of the present application are
used to distinguish similar objects, rather than describing a
specific order or sequence. It should be understood that data
used 1n this way 1s interchangeable where approprate so that
the embodiments of the disclosure described herein can be
implemented in a sequence other than those illustrated or
described herein. Moreover, terms “including”, “compris-
ing” and “having” and any variations thereof are intended to
cover a non-exclusive inclusion. For example, a process,
method, system, product, or device that includes a series of
steps or units 1s not necessarily limited to those steps or units
that are clearly listed, but may include steps or units that are
not clearly listed or that are inherent to such process,
method, product or device

In order to clearly understand the technical solutions of
the present application, the terms and algorithms imnvolved in
the present application will be explained below:

Graph: In the embodiments of the present application, the
graph 1s used to show a data relationship of a target
three-dimensional object. In the graph, a vertex of the graph
1s used to represent a feature point of the target three-
dimensional object, and an edge of the graph 1s used to
represent a relationship between feature points. In the graph,
properties of vertices in the graph and the relationship
between the vertices will not change no matter how the
vertices rotate or move. That 1s, the changed graph 1s still the
same as the original graph.

Graph Matching Algorithm: An important concept 1n the
graph matching algorithm 1s the maximum common sub-
graph. The maximum common sub-graph refers to the
sub-graph that can overlap between graph 1 and graph 2 and
has the most nodes. The graph’s 1somorphism helps to
determine whether two objects are the same. Although the
graph has many diflerent representations, properties of the
graph do not change due to different representations of the
graph. The graph matching problem 1s an NP problem. The
graph matching method can be solved by a probability
relaxation method, a neural network method, a maximum

stream approximation method, etc.
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4

SIFT algorithm: The SIFT algorithm 1s a scale-invarnant
teature transform algorithm. It 1s an algorithm for describing

local features of 1images which 1s based on a scale space and
1s stable to graphics scaling, rotation, and athne transforma-
tion and 1llumination changes. In this embodiment, the SIFT
algorithm 1s used to first detect extreme points 1n the scale
space, and then remove low-contrast extreme points and
unstable edge extreme points to obtain the feature points.
The embodiments of the present application will be
specifically described below with reference to the drawings.

Embodiment 1

FIG. 1 1s a flowchart of a method for three-dimensional
object pose estimation according to Embodiment I of the
present application. As shown 1n FIG. 1, an execution body
of the embodiment of the present application 1s an apparatus
for three-dimensional object pose estimation that may be
integrated 1n a terminal device. The terminal device may be
a computer, a laptop, a server, a robot, etc. The method for
three-dimensional object pose estimation provided by this
embodiment includes following steps.

Step 101, calculating a graph of a previous frame and a
graph of a current frame for a target three-dimensional
object.

Specifically, in this embodiment, a mask i1mage of the
target three-dimensional object 1s obtained from an 1mage of
the previous frame first, and then feature points are extracted
from the 1image of the previous frame 1n a region with a pixel
value of 1 in the mask image of the previous frame, and
feature points are also extracted from an 1image of the current
frame 1n the region with the pixel value of 1 1n the mask
image of the previous Irame. Adjacent feature points
extracted from the image of the previous frame are con-
nected, and a weight of each edge 1s calculated to form a
graph of the previous Irame. Adjacent feature points
extracted from the image of the current frame are connected,
and a weight of each edge 1s calculated to form a graph of
the current frame.

In this embodiment, for the region projected by the target
three-dimensional object 1n the mask 1mage, the pixel value
of the pixel in the mask image 1s 1, for the region not
projected by the target three-dimensional object, the pixel
value of the pixel in the mask 1mage 1s O.

In this embodiment, the weight of each edge may be an
average value of response values of two feature points
corresponding to the edge, and may be other values repre-
senting the two feature points, which 1s not limited in thas
embodiment.

In this embodiment, the SIFT algorithm may be used for
extracting feature points 1n the image of the previous frame
and the immage of the current frame, and other feature
extraction algorithms may be selected, which 1s not limited
in this embodiment.

Step 102, performing a matching calculation on the graph
of the previous frame and the graph of the current frame
using a graph matching algorithm to obtain a vertex corre-
spondence relationship between the graph of the previous
frame and the graph of the current frame.

Specifically, in this embodiment, the graph of the previous
frame and the graph of the current frame are mput nto a
model of the graph matching algorithm, and the graph
matching algorithm performs a matching calculation on the
graph of the previous frame and the graph of the current
frame, with a vertex correspondence relationship between
the graph of the previous frame and the graph of the current
frame being output.




US 11,145,080 B2

S

Step 103, calculating a pose of the target three-dimen-
sional object in the current frame according to the vertex

correspondence relationship, a pose of the target three-
dimensional object in the previous frame and a PnP algo-
rithm.

Specifically, 1 this embodiment, the vertex correspon-
dence relationship between the graph of the previous frame
and the graph of the current frame 1s obtained, and the pose
information of the target three-dimensional object 1n the
previous Irame 1s obtained. The vertex correspondence
relationship between the graph of the previous frame and the
graph of the current frame, and the pose information of the
target three-dimensional object 1n the previous frame are
input mmto a model corresponding to the PnP algorithm to
calculate the pose of the target three-dimensional object 1n
the current frame according to the vertex correspondence
relationship between the graph of the previous frame and the
graph of the current frame and the pose information of the
target three-dimensional object in the previous frame, and
output the pose of the target three-dimensional object in the
current frame.

The method for three-dimensional object pose estimation
provided by the present embodiment calculates a graph of a
previous frame and a graph of a current frame for the target
three-dimensional object, performs a matching calculation
on the graph of the previous frame and the graph of the
current frame using a graph matching algorithm to obtain a
vertex correspondence relationship between the graph of the
previous frame and the graph of the current frame, and
calculates a pose of the target three-dimensional object in the
current frame according to the vertex correspondence rela-
tionship, a pose of the target three-dimensional object 1n the
previous frame and a PnP algorithm. Since the correspon-
dence relationship of feature points 1s determined by deter-
mimng the vertex correspondence relationship between the
graph of the previous frame and the graph of the current
frame using the graph matching algorithm, and the graph
matching algorithm has a good feature point matching effect
on the three-dimensional object with weak texture or repeat-
ing texture, the matching accuracy of feature points 1is
cllectively improved, and thereby the accuracy of three-
dimensional object pose estimation 1s 1improved.

Embodiment 11

FIG. 2 1s a flowchart of a method for three-dimensional
object pose estimation according to Embodiment II of the
present application. As shown 1 FIG. 2, the method for
three-dimensional object pose estimation provided 1n this
embodiment 1s based on the method for three-dimensional
object pose estimation provided in Embodiment 1 of the
present application and further defines Step 101 to Step 103.
Then the method for three-dimensional object pose estima-
tion provided in this embodiment includes following steps.

Step 201, obtaining a mask image of a previous frame for
a target three-dimensional object.

Specifically, in this embodiment, an 1mage of a previous
frame 1s obtained first, which contains a target three-dimen-
sional object, and then a model of the target three-dimen-
sional object 1s projected by using a pose of the target
three-dimensional object 1n the 1mage of the previous frame
to obtain a projected 1mage of the previous frame. The target
three-dimensional object 1s rendered 1n the projected 1image
of the previous frame, a z-buller image is obtained from the
rendering tool and the z-bufler 1mage i1s binarized to obtain
a mask 1mage of the previous frame. In the mask image of
the previous frame, the pixel value of the region projected by
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the target three-dimensional object 1s 1, and the pixel value
of the region not projected by the target three-dimensional
object 1s zero. The z bufler 1s a technique to perform a

“hidden face elimination” work when coloring the target
three-dimensional object, such that the part hidden behind
the target three-dimensional object will not be displayed.

Step 202, extracting feature points of the target three-
dimensional object 1n an 1mage of the previous frame 1n a
region with the pixel value of 1 1n the mask 1image of the
previous frame, and extracting feature points of the target
three-dimensional object in an 1mage of a current frame in
the region with the pixel value of 1 1n the mask 1image of the
previous frame.

Specifically, in this embodiment, after obtaining the mask
image of the previous frame, the region with the pixel of 1
in the mask 1image of the previous frame 1s a projected region
of the target three-dimensional 1image, so feature points of
the target three-dimensional object in the image of the
previous Irame are extracted from the 1mage of the previous
frame covered by the region with the pixel value of 1 1n the
mask 1mage of the previous frame. In the image of the
current frame containing the target three-dimensional object
acquired from a camera, the mask 1image of the previous
frame mask 1mage 1s covered on the image of the current
frame 1mage, and feature points of the target three-dimen-
sional object 1n the 1mage of the current frame are extracted
from the current frame 1mage covered by the region with the
pixel value of 1 1n the mask 1mage of the previous frame.

Further, 1in this embodiment, extracting feature points of
the target three-dimensional object 1n the image of the
previous Irame in the region with the pixel value of 1 1n the
mask i1mage of the previous frame and extracting feature
points of the target three-dimensional object 1n the 1mage of
the current frame 1n the reglon with the pixel value of 1 1n
the mask 1mage of the previous frame, includes:

using a SIFT algorithm to extract feature points of the
target three-dimensional object in the 1mage of the previous
frame 1n the region with the pixel value of 1 1n the mask
image of the previous frame, and using the SIFT algorithm
to extract feature points of the target three-dimensional
object 1n the 1mage of the current frame 1n the region with
the pixel value of 1 1n the mask 1image of the previous frame.

In this embodiment, the SIFT algorithm 1s adopted to
extract the feature points in the image of the target three-
dimensional object, so that the extracted feature points are
more robust.

Specifically, when the SIFT algorithm i1s adopted for
target three-dimensional object feature extraction to extract
the feature points 1n the 1mage, extreme point detection 1s
performed on the image from which the feature 1s extracted,
in a scale space, and then low-contrast extreme points and
unstable edge extreme points are removed to obtain the
feature points.

Step 203, connecting adjacent feature points correspond-
ing to the 1mage of the previous frame to form a graph of the
previous frame.

The vertex 1n the graph of the previous frame 1s a feature
point and the weight of an edge 1s an average value of the
response values of two feature points corresponding to the
edge.

Further, in this embodiment, after each feature point of the
image of the previous frame i1s extracted, adjacent feature
points are connected, where each feature point i1s a vertex of
the graph of the previous frame, and the edge between two
adjacent feature points 1s the edge of the graph of the
previous frame. The weight of the edge in the graph of the
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previous frame 1s the average value of response values of the
two feature points corresponding to the edge.

Step 204, connecting adjacent feature points correspond-
ing to the image of the current frame to form a graph of the
current frame.

The vertex 1n the graph of the current frame 1s a feature
point and the weight of an edge 1s an average value of the
response values of two feature points corresponding to the
edge.

Further, 1n this embodiment, after each feature point of the
image of the current frame i1s extracted, adjacent feature
points are connected, where each feature point 1s a vertex of
the graph of the current frame, and the edge between two
adjacent feature points 1s the edge of the graph of the current
frame. The weight of the edge in the graph of the current
frame 1s the average value of the response values of the two
feature points corresponding to the edge.

It should be noted that in this embodiment, Step 201 to
Step 204 are further refinement of Step 101 of the method
for three-dimensional object pose estimation provided by
Embodiment I of the present application.

Step 203, inputting the graph of the previous frame and
the graph of the current frame into a model of a graph
matching algorithm to perform a matching calculation on the
graph of the previous frame and the graph of the current
frame.

Step 206, outputting a vertex correspondence relationship
between the graph of the previous frame and the graph of the
current frame.

Further, 1n this embodiment, Step 205 to Step 206 are
turther refinement of Step 102 of the method for three-
dimensional object pose estimation provided by Embodi-
ment I of the present application.

Specifically, the graph of the previous frame and the graph
of the current frame are input into the model of the graph
matching algorithm to perform a matching calculation on the
graph of the previous frame and the graph of the current
frame using the graph matching algorithm. After the match-
ing calculation, the correspondence relationship between
vertices 1n the graph of the previous frame and the graph of
the current frame 1s obtained and output.

The correspondence relationship between vertices in the
graph of the previous frame and the graph of the current
frame 1s the correspondence relationship between feature
points of the target three-dimensional object 1n the graph of
the previous frame and the graph of the current frame.

Step 207, mputting the vertex correspondence relation-
ship and a pose of the target three-dimensional object 1n the
previous Irame into a model of a PnP algorithm to calculate
a pose of the target three-dimensional object in the current
frame.

Step 208, outputting the pose of the target three-dimen-
sional object 1n the current frame.

Further, 1n this embodiment, the correspondence relation-
ship between vertices 1n the graph of the previous frame and
the graph of the current frame as well as the pose of the
target three-dimensional object 1n the previous frame are
input into the model of the PnP algorithm, to calculate the
pose ol the target three-dimensional object in the current
frame according to the correspondence relationship between
vertices 1n the graph of the previous frame and the graph of
the current frame as well as the pose of the target three-
dimensional object 1n the previous frame by using the PnP
algorithm. The pose of the target three-dimensional object 1n
the current frame 1s output after it 1s calculated.

The method for three-dimensional object pose estimation
provided by this embodiment obtains a mask image of a
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previous frame for a target three-dimensional object when
calculating a graph of the previous frame and a graph of a
current frame for the target three-dimensional object,
extracts feature points of the target three-dimensional object
in an 1mage of the previous frame in a region with a pixel
value of 1 1n the mask image of the previous frame and
extracts feature points of the target three-dimensional object
in the 1mage of the current frame 1n the region with the pixel
value of 1 in the mask 1image of the previous frame, connects
adjacent feature points corresponding to the image of the
previous frame to form the graph of the previous frame, and
connects adjacent feature points corresponding to the image
of the current frame to form the graph of the current frame.
Since feature points extracted by the SIFT algorithm are
more robust, the calculated graph of the previous frame and
the graph of the current frame for the target three-dimen-
sional object are more accurate, thus the correspondence
relationship of feature points will be more accurate while 1t
1s determined by using the graph matching algorithm to
determine the vertex correspondence relationship between
the graph of the previous frame and the graph of the current
frame, thereby further improving the accuracy of three-
dimensional object pose estimation.

Embodiment 111

FIG. 3 1s a schematic structural diagram of an apparatus
for three-dimensional object pose estimation according to
Embodiment I1I of the present application. As shown 1n FIG.
3, the apparatus for three-dimensional object pose estima-
tion 30 provided by this embodiment includes: a graph
calculating module 31, a graph matching calculating module
32, and a current frame pose calculating module 33.

The graph 1image calculating module 31 1s configured to
calculate a graph of a previous frame and a graph of a current
frame for a target three-dimensional object. The graph
matching calculating module 32 i1s configured to perform a
matching calculation on the graph of the previous frame and
the graph of the current frame by using a graph matching
algorithm to obtain a vertex correspondence relationship
between the graph of the previous frame and the graph of the
current frame. The current frame pose calculating module 33
1s configured to calculate a pose of the target three-dimen-
sional object 1 the current frame according to the vertex
correspondence relationship, a pose of the target three-
dimensional object 1n the previous frame and a PnP algo-
rithm.

The apparatus for three-dimensional object pose estima-
tion provided in this embodiment can perform the technical
solution of the method embodiment shown in FIG. 1, and the
implementation principle and technical effects thereotf are
similar, which will not be repeated herein.

Embodiment IV

FIG. 4 1s a schematic structural diagram of an apparatus
for three-dimensional object pose estimation according to
Embodiment IV of the present application. As shown 1n FIG.
4, based on the apparatus for three-dimensional object pose
estimation 30 provided in Embodiment 111, the apparatus for
three-dimensional object pose estimation 40 provided 1n this
embodiment further includes the following features.

Further, the graph calculating module 31 includes a mask
image obtaining sub-module 311, a feature point extracting
sub-module 312, and a graph calculating sub-module 313.

Further, the mask image obtaining sub-module 311 1s
configured to obtain a mask 1mage of the previous frame for
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the target three-dimensional object. The feature point
extracting sub-module 312 1s configured to extract feature
points of the target three-dimensional object 1n the 1mage of
the previous frame 1n a region with a pixel value of 1 in the
mask 1mage of the previous frame and extract feature points
of the target three-dimensional object 1n the 1image of the
current frame 1n the region with the pixel value of 1 1n the
mask 1mage of the previous frame. The graph calculating
sub-module 313 1s configured to connect adjacent feature
points corresponding to the image of the previous frame to
form the graph of the previous frame, and connect adjacent
feature points corresponding to the image of the current
frame to form the graph of the current frame. The vertices 1n
the graph of the previous frame and the graph of the current
frame are feature points, and the weight of an edge 1s an
average value of response values of two feature points
corresponding to the edge.

Further, the feature point extracting sub-module 312 1s
specifically configured to: use the SIFT algorithm to extract
the feature points of the target three-dimensional object in
the image of the previous frame in the region with the pixel
value of 1 1n the mask image of the previous frame, and use
the SIFT algorithm to extract the feature points of the target
three-dimensional object 1n the image of the current frame in
the region with the pixel value of 1 1n the mask image of the
previous frame.

Further, the graph matching calculating module 32 1s
specifically configured to: mput the graph of the previous
frame and the graph of the current frame 1nto a model of the
graph matching algorithm to perform the matching calcula-
tion on the graph of the previous frame and the graph of the
current frame; output the vertex correspondence relationship
between the graph of the previous frame and the graph of the
current frame.

Further, the current frame pose calculating module 33 1s
specifically configured to: mput the vertex correspondence
relationship, the pose of the target three-dimensional object
in the previous frame into a model of the PnP algorithm to
calculate the pose of the target three-dimensional object 1n
the current frame; output the pose of the target three-
dimensional object 1n the current frame.

The apparatus for three-dimensional object pose estima-
tion provided in this embodiment can perform the technical
solutions of the method embodiment shown in FIG. 2, and

the i1mplementation principle and the technical eflects
thereol are similar, which will not be repeated herein.

Embodiment V

FIG. 5 1s a schematic structural diagram of a terminal
device according to Embodiment V of the present applica-
tion. As shown 1n FIG. 5, the terminal device provided 1n this
embodiment includes: one or more processors 51 and a
memory 352.

The memory 52 1s configured to store one or more
programs. When the one or more programs are executed by
the one or more processors, the one or more processors are
caused to implement the method for the three-dimensional
object pose estimation provided by Embodiment I of the
present application or the method for three-dimensional
object pose estimation provided by Embodiment II of the
present application.

The related description can be understood by referring to
the related descriptions and effects corresponding to the
steps 1 FIG. 1 to FIG. 2, which will not be repeated herein.
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In this embodiment, the processor 51 and the memory 52
are connected by a bus.

Embodiment VI

The embodiment of the present application further pro-
vides a computer readable storage medium having a com-
puter program stored thereon, and the computer program 1s
executed by a processor to implement the method for
three-dimensional object pose estimation provided by
Embodiment I of the present application or the method for
three-dimensional object pose estimation provided by
Embodiment II of the present application.

The computer readable storage medium provided 1n this
embodiment calculates a graph of a previous frame and a
graph of a current frame for the target three-dimensional
object, performs a matching calculation on the graph of the
previous frame and the graph of the current frame by using
a graph matching algorithm to obtain a vertex correspon-
dence relationship between the graph of the previous frame
and the graph of the current frame, and calculates a pose of
the target three-dimensional object in the current frame
according to the vertex correspondence relationship, a pose
of the target three-dimensional object in the previous frame
and a PnP algorithm. Since the correspondence relationship
of feature points 1s determined by determining the vertex
correspondence relationship between the graph of the pre-
vious frame and the graph of the current frame using the
graph matching algorithm, and the graph matching algo-
rithm has a good feature point matching effect on the
three-dimensional object with weak texture or repeating
texture, the matching accuracy of feature points 1s eflec-
tively improved, and thereby the accuracy of three-dimen-
sional object pose estimation 1s 1improved.

In the several embodiments provided by the present
application, 1t should be understood that the disclosed appa-
ratus and method may be implemented in other manners. For
example, the apparatus embodiments described above are
merely illustrative. For example, the division of the module
1s only a logical function division, and there may be another
division manner in actual implementation; for example,
multiple modules or components may be combined or may
be integrated into another system, or some features can be
1gnored or not be executed. In addition, the mutual coupling
or direct coupling or communication connection shown or
discussed may be an indirect coupling or communication
connection through some interfaces, devices or units, and
may be in an electrical, mechanical or other form.

The module described as a separate component may or
may not be physically separated, and the component dis-
played as a module may or may not be a physical module,
that 1s, may be located 1n one place, or may be distributed to
multiple network modules. Some or all the modules may be
selected as required, to achieve the purpose of the solution
of the embodiment.

In addition, each functional module 1n each embodiment
of the present disclosure may be integrated into one pro-
cessing module, or each module may exist physically sepa-
rately, or two or more modules may be integrated into one
module. The above mtegrated module can be implemented
in the form of hardware or in the form of hardware plus
software functional modules.

The program codes for implementing the methods of the
present application can be written in any combination of one
or more programming languages. Such program codes may
be provided to a general computer, a dedicated computer or
a processor or controller of other programmable data pro-
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cessing apparatus, such that when the program code 1is
executed by the processor or controller, the functions/op-
erations specified i1n the flowcharts and/or block diagrams
are caused to be implemented. The program codes may be
completely or partly executed on a machine, as a stand-alone >
soltware package, 1t 1s partly executed on the machine and

partly executed on a remote machine, or entirely executed on
the remote machine or a server.

In the context of the present application, a machine
readable medium can be a tangible medium that can contain
or store a program for use by an instruction execution
system, apparatus, or device, or for use 1n conjunction with
the 1nstruction execution system, apparatus, or device. The
machine readable medium can be a machine readable signal
medium or a machine readable storage medium. A machine
readable medium can include, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples of the 5,
machine readable storage medium may include electrical
connection based on one or more wires, a portable computer
disk, a hard disk, a random access memory (RAM), a read
only memory (ROM), an erasable programmable read only
memory (EPROM or a flash memory), optical fiber, a ,5
compact disk read only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suitable
combination of the foregoing.

In addition, although the operations are depicted 1n a
particular order, this should be understood that such opera- 5
tions are required to be performed in the shown particular
order or 1n the sequence order, or that all i1llustrated opera-
tions are required to be performed to achieve the desired
results. Multitasking and parallel processing may be advan-
tageous 1n certain circumstances. Likewise, although several ;5
specific implementation details are included in the above
discussion, these should not be construed as limiting the
scope of the disclosure. Certain features that are described 1n
the context ol separate embodiment can also be 1mple-
mented 1 combination 1 a single implementation. Con- 4
versely, various features that are described 1n the context of
a single implementation can be implemented 1n a plurality of
implementations, either individually or 1n any suitable sub-
combination.

Although the subject has been described 1n language 45
specific to structural features and/or methodological acts, 1t
1s understood that the subject defined in the appended claims
1s not necessarily limited to the specific features or acts
described above. Instead, the specific features and acts
described above are merely exemplary forms for implement- 5,
ing the claims.
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What 1s claimed 1s:
1. A method for three-dimensional object pose estimation,
comprising: 55

calculating a graph of a previous frame and a graph of a
current frame for a target three-dimensional object;

performing a matching calculation on the graph of the
previous Irame and the graph of the current frame by
using a graph matching algorithm to obtain a vertex 60
correspondence relationship between the graph of the
previous frame and the graph of the current frame;

calculating a pose of the target three-dimensional object
in the current frame according to the vertex correspon-
dence relationship, a pose of the target three-dimen- 65
stonal object in the previous frame and a perspective

n-point (PnP) algorithm;

12

wherein the calculating a graph of a previous {frame and
a graph of a current frame for the target three-dimen-
stional object, comprises:

obtaining a mask 1mage of the previous frame for the
target three-dimensional object;

extracting feature points of the target three-dimensional
object 1n an 1mage of the previous frame in a region
with a pixel value of 1 in the mask image of the
previous frame, and extracting the feature points of the
target three-dimensional object 1n an i1mage of the
current frame 1n the region with the pixel value of 1 1n
the mask 1mage of the previous frame;

connecting adjacent feature points corresponding to the
image of the previous frame to form the graph of the
previous frame;

connecting adjacent feature points corresponding to the
image ol the current frame to form the graph of the
current frame;

wherein vertices 1n the graph of the previous frame and
the graph of the current frame are the feature points,
and a weight of an edge 1s an average value of response
values of two feature points corresponding to the edge.

2. The method of claim 1, wherein the extracting feature
points of the target three-dimensional object 1n an 1mage of
the previous frame 1n a region with a pixel value of 1 1n the
mask 1image of the previous frame, and extracting the feature
points of the target three-dimensional object 1n an 1mage of
the current frame 1n the region with the pixel value of 1 1n
the mask 1image of the previous frame, comprises:

using a SIFT algorithm to extract the feature points of the
target three-dimensional object 1n the previous frame
image in the region with the pixel value of 1 1n the mask
image of the previous frame, and using the SIFT
algorithm to extract the feature points of the target
three-dimensional object 1n the current frame 1mage 1n
the region with the pixel value of 1 in the mask 1mage
of the previous frame.

3. The method of claim 1, wherein the performing a
matching calculation on the graph of the previous frame and
the graph of the current frame using a graph matching
algorithm to obtain a vertex correspondence relationship
between the graph of the previous frame and the graph of the
current frame, comprises:

inputting the graph of the previous frame and the graph of
the current frame into a model of the graph matching
algorithm to perform the matching calculation on the
graph of the previous frame and the graph of the current
frame:

outputting the vertex correspondence relationship
between the graph of the previous frame and the graph
of the current frame.

4. The method of claim 1, wherein the calculating a pose
of the target three-dimensional object 1n the current frame
according to the vertex correspondence relationship, a pose
of the target three-dimensional object in the previous frame
and a PnP algorithm, comprises:

inputting the vertex correspondence relationship and the
pose of the target three-dimensional object 1n the pre-
vious Irame into a model of the PnP algorithm to
calculate the pose of the target three-dimensional object
in the current frame;

outputting the pose of the target three-dimensional object
in the current frame.



US 11,145,080 B2

13

5. A terminal device, comprising:

ONne Or More processors;

a memory, configured to store one or more programs;

wherein when the one or more programs are executed by
the one or more processors, the one or more processors
are caused to:

calculate a graph of a previous frame and a graph of a
current frame for a target three-dimensional object;

perform a matching calculation on the graph of the
previous Irame and the graph of the current frame by
using a graph matching algorithm to obtain a vertex
correspondence relationship between the graph of the
previous Irame and the graph of the current frame;

calculate a pose of the target three-dimensional object in
the current frame according to the vertex correspon-
dence relationship, a pose of the target three-dimen-
stonal object in the previous frame and a perspective
n-point (PnP) algorithm;

wherein the one or more processors are further caused to:

obtain a mask 1mage of the previous frame for the target
three-dimensional object;

extract feature points of the target three-dimensional
object 1n the 1image of the previous frame 1n a region
with a pixel value of 1 1n the mask image of the
previous frame, and extract the feature points of the
target three-dimensional object in the image of the
current frame 1n the region with the pixel value of 1 1n
the mask 1mage of the previous frame;

connect adjacent feature points corresponding to the
image of the previous frame to form the graph of the
previous frame, and connect adjacent feature points
corresponding to the image of the current frame to form
the graph of the current frame;

wherein vertices 1n the graph of the previous frame and
the graph of the current frame are feature points, and a
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weight of an edge 1s an average value of response
values of two feature points corresponding to the edge.
6. The terminal device of claim 5, wherein the one or more

processors are further caused to:

use a SIFT algorithm to extract the feature points of target
three-dimensional object 1n the 1mage of the previous
frame 1n the region with the pixel value of 1 in the mask
image of the previous frame, and use the SIFT algo-
rithm to extract the feature points of the target three-
dimensional object 1n the 1mage of the current frame 1n
the region with the pixel value of 1 in the mask 1mage
of the previous frame.

7. The terminal device of claim 5, wherein the one or more

processors are further caused to:

input the graph of the previous frame and the graph of the
current frame into a model of the graph matching
algorithm to perform the matching calculation on the
graph of the previous frame and the graph of the current
frame; output the vertex correspondence relationship
between the graph of the previous frame and the graph
of the current frame.

8. The terminal device of claim 5, wherein the one or more

processors are further caused to:

input the vertex correspondence relationship and the pose
of the target three-dimensional object 1n the previous
frame 1nto a model of the PnP algorithm to calculate the
pose of the target three-dimensional object in the cur-
rent frame; output the pose of the target three-dimen-
sional object 1n the current frame.

9. A non-transitory computer readable storage medium

having a computer program stored thereon, wherein the
program 1s executed by a processor to implement the method
of claim 1.
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